INTRODUCTION
In its usual form, Hirschsprung's disease is characterized by an aganglionic rectosigmoidal segment with inefficient motility, proximal to which the colon is dilated (1, 2) . The severity of clinical symptoms does not always reflect the length of aganglionic segment. In our experience, 73% of 75 patients seen before 2 mo of age and suffering from Hirschsprung's disease could be treated for more than 9 mo by colonic irrigation through a rectal catheter up to the time of definitive surgery. The remaining 27% had to undergo a colostomy because they remained in poor general conditions and suffered from enterocolitis. In the first group, aganglionosis involved the rectum, rectosigmoid, and left colon in 65, 32, and 3% of the cases, respectively.
In the second group, it involved these same segments in 20, 35, and 45%, respectively.' Thus, although there was a statistical correlation between length of aganglionic segment and need for an early colostomy, patients with a short aganglionic segment could run a poor clinical course. Conversely, patients with agangliono-sis of the entire large bowel may reach adulthood without serious complications (3) .
The resistance of the aganglionic area depends not only upon its length and lack of efficient propulsion but also on its ability to expand. In a previous study (4) , viscoelastic properties of the rectal wall were quantitatively studied by a noninvasive technique and modelized rheologically by an elastic element in parallel with two viscoelastic ones, i.e., two viscous parameters and three elastic ones. The purpose of the present study was to compare analytically the rheological behavior of the rectal wall of normal subjects and patients with Hirschsprung's disease. This was done by distending the rectum and testing each parameter of the model. A pathophysiologic counterpart to severity of disease, resistance to distension, has been found and may have a prognostic value in Hirschsprung's disease. METHODS 30 subjects (aged 5 mo to 14 yr) were compared to 28 patients (aged 1 mo to 14 yr) with Hirschsprung's disease. The control subjects were hospitalized for the repair of congenital malformations unrelated to the gastrointestinal tract. They had normal bowel habits and no anorectal abnormalities. They were studied either before surgery or the day of dismissal. In patients with 'Hirschsprung's disease, the diagnostic was proven both by an absence of neurones at histological postoperative evaluation of the distal bowel and the absence of a rectoanal inhibitory reflex (5, 6) . The subjects were investigated recumbent in the morning. Some were sedated because of restlessness (diazepam 0.15 mg/kg IM or hydroxysine dichlorhydrate per os 1 mg/kg). This did not influence the validity of results (7, 8) .
The parameters of elasticity and viscosity were measured with a four-channel probe (Etablissements Marquat-Paris) (Fig. 1) . It was made of a soft polyethylene tube (outside diameter = 8 mm) containing four parallel channels (inside diameter = 0.8 mm). Two ofthese were connected to a balloon fixed to the extremity of the probe and used for rectal distension. This balloon remained spherical, whatever the distending volume between 5 and 50 ml (4) . The other extremity of the first channel was connected to a syringe to inject air, p FIGURE 1 Probe used to study viscoelastic properties of the rectal wall. Pressures are recorded in an air-filled, rectal balloon while it is distended and in two smaller, water-filled, anal balloons.
and that of the second one to a pressure transducer (PM 6, Statham Instruments, Inc., Oxnard, Calif.) and amplifier (1008, Statham) . Measuring the pressure directly inside the inflating balloon, rather than through a side-arm connected to the syringe, avoided high-pressure artifacts during air injection. 4 cm below the distending balloon, there were two smaller, ring-shaped, and water-filled balloons, sized 13 mm (diam) x 9 mm (ht), and separated f'rom each other by 9 mm. They were connected through the last two channels of two pressure transducers (PM 6, Statham) and amplifiers (1008, Statham). These balloons served a double purpose of locating the probe in standard conditions and confirming the absence of a rectoanal inhibitory reflex in Hirschsprung's disease. The probe was inserted into the anal canal so that the lowermost balloon was barely visible at the anal margin. Data were recorded graphically (SP 2000, Statham) .
The rectal balloon was inflated in less than 0.1 s in a random order with 10, 20, 30, 40, and 50 ml of air measured in the syringe, at room temperature and pressure. By injecting air rather than water it was possible to distend the balloon more rapidly, but the volume of'air present in the distended balloon was smaller than the actual volume present in the syringe before injection because of latex resistance to stretch. The actual volume in the balloon corresponding to the amount of air injected was measured in in vitro experiments by determining the amount of water displaced in a graduated cylinder with the balloon immersed in water. The injections of air in the rectal balloon were separated by 2-min intervals and maintained for 1 min until the balloon pressure was stabilized. The balloon was then deflated. In a previous study, the reproducibility of results was established in similar conditions in five normal subjects (4) . After each experiment, the pressure in the distending balloon was also measured in the air above some water at 37°C in a flask, with the same volumes used to distend the rectum. This was done in strict conditions because of the wide variability of latex perf'ormance according to humidity and temperature. Finally, the in vitro pressure values were subtracted from the in vivo values to abolish the effects of extraneous compliances in the system. Treatment of data. The recorded pressure in the rectum during continuous distension appears as a decreasing function of time up to an asymptotic value. In some cases a secondarv peak was superimposed on the curve. Graphical analysis of the curves on a semilogarithmic paper demonstrated that they were the sum of two exponential functions, an asymptotic value and an added reactive peak (4 TX, TA, and TB.
In a previous study in normal subjects (4), a linear relationship was demonstrated between the neperian logarithm of the wall tension TX, TA, and TB and the radius of' the balloon. For each subject in this study the regression line of'the same logarithmic values of the wall tensions was also calculated in function of the radius of the distending balloon. General expression of each regression line may be:
where lnT = the neperian logarithm of rectal wall tension, a = the slope of the regression line, , = the ordinate at origin of the same line, and r = the radius of rectal ballooni. For each value T., TA, and TB, a becomiles the elastic coefficients E., EA, and EB of the rectal wall. Its value is obtained by determining the slope of' each regression line.
There is no correlation between the value of the time constants I/a and l/b and the radius of the balloon (4) Fig. 3 shows the relationship between wall superficial tension in health and disease, and balloon radius. There was no difference between parameters whether the balloon was in the aganglionic area or above (Table I) 
DISCUSSION
This study demonstrates that ainong the viscoelastic properties of the rectal wall, the "static" elastic constant E. is significantly larger in patients with Hirschsprunig's disease than in control subjects. This would indicate that the disease tends to stiffen the bowel. Moreover, a relationship exists between the increased stiff'ness expressed by the constant E. and the clinical parameters that determine the severity of the disease. The exponential coefficients a and b are also significantly different in control subjects and in patients with Hirschsprung's disease. In the patients, the wall tension caused by sudden bowel distension decays more slowly than in the control subjects. A relationship between these parameters, which reflect the viscous properties of the rectal wall, and the severity of the disease, however, coould not be established.
Most studies of rheological properties of visceral walls have been done in vitro without practical application to disease (10) (11) (12) (13) (14) (15) . A purpose of this study was to present the rheological modelization as a method able to describe a normal biomechanical function, and to analyze it in a few elementary parameters. Exhaustive description of pathological alterations of this function may then be done by comparing each parameter with the values determined in a group of normal subjects. This method was applied here by studying the adaptation of the rectal wall to a sudden distension in Hirschsprung's disease. In in vitro studies, the smooth muscle has a greater viscosity when contracted than when relaxed (16) . This is in agreement with our findings in this study. Rectal accomodation to distension has been demonstrated before in intact human subjects (17) , but the technique was only anecdotally applied to disease, and data were not quantified beyond a simple recording pressure. On the other hand, urinary bladders with fibrosis have a high elastic modulus and a prolonged duration of relaxation (18) .
This study was also done to try to find an explanation for the discrepancy found in several cases between severity of disease and length of aganglionic segment. There was no relationship betwee the elastic modulus and the position of the distending balloon with regard to the aganglionic area. This means that marked symptoms may be given by a short aganglionic segment with a high elastic modulus and that total Hirschsprung's disease with a low elastic modulus may give very few symptoms. The physiopathology of the decreased elasticity is not known. It is not possible to rule out at this stage the role of connective tissue content that would affect the viscoelastic properties of the rectal wall and, of course, contractile activity even in the resting muscle (19) . The decreased elasticity could be a consequence of Cannon's law, where denervated smooth muscle cells are hyperexcitable. However, in some of our cases, the balloon was clearly above the aganglionic segment and the elasticity was decreased. This means essentially that it is not sufficient to simply state that ganglionic cells are absent and to establish the extent of the aganglionosis to obtain a diagnosis of, and, a prognosis for Hirschsprung's disease. Presence of ganglion cells does not necessarily imply normal functions of these cells. It is probably necessary to also establish the presence, localization, and amount of neurotransmitters. The number of acetyl cholinesterase positive nerves (20) and the extent of sacral parasympathetic innervation of the circular muscle of the aganglionic colon (21) are other elements to consider. Moreover, results of pathological examinations are simply given in terms of "presence" or "absence" of neurones: an intermediate zone between normal proximal area and aganglionic distal area should be considered with a "decrease" in number of innervated cells. The morphological evaluation of this zone poses serious problems, but its functional importance may be appreciated by a quantification of its rheological disorders.
In practical terms, results of this study mean that to diagnose and assess the severity of Hirschsprung's disease, it is sufficient to distend the rectum, determine the elastic coefficient E. of the rectal wall, and record the absence of a rectoanal inhibitory reflex.
